INTRODUCTION
Despite the continued medical and surgical advancement in the treatment of gastric cancer, gastric cancer is still the main cause of death in Korea and other countries [1] [2] [3] [4] [5] [6] . In the surgical treatment, the complete surgical resection with an adequate resection margin length is well known for the most effective treatment of gastric cancer [7] [8] [9] . Especially, the negative resection margin is considered critical as the most important treatment based on the philosophy that minimal residual cancer cells have the possibility of recurrence.
Under the conventional rule, most surgeons try very hard to achieve a sufficient proximal resection margin length more than 2−3 cm in early gastric cancer, and 5−6 cm in advanced gastric cancer. In practice however, we are experiencing that the intraoperative measurement of proximal margin length may quite different from the pathologic measurement for a variety of reasons. In rare cases, the involvement of proximal margin was determined by pathology report.
In these cases, many surgeons are wondering what to perform a reoperation to achieve a negative resection margin or sufficient proximal resection margin length. Therefore, this study was designed to investigate the impact of the involvement of proximal resection margin and the discrepancy of proximal margin length on the prognosis of overall survival and the recurrence pattern.
METHODS

Study population
From June 1992 to December 2010, 2,047 patients underwent gastrectomy for gastric cancer at Hanyang University Hospital. Of these patients, 1,888 gastric cancer patients who underwent gastrectomy with curative intent were enrolled in this study. Patients who underwent noncurative gastrectomy for stage IV gastric cancer were excluded in this study. Seventeen patients with involvement of distal resection margin were excluded. The curative intent surgery is defined as R0 resection with an adequate resection margin length on intraoperative findings. The involvement of resection margin was defined as the presence of tumor cells at the resection line on final histologic examination in spite of a negative result on the intraoperative frozen-section examination. Preoperative assessment included medical and surgical history, gastrofiberscopy, tumor markers, CT of the abdomen and pelvis, and PET CT or chest CT with bone scan. Detailed information on patient and operative findings, postoperative clinical courses, pathologic reports, adjuvant therapy, and follow-up data were prospectively entered into the database. Data pertaining to the distances of proximal resection margin were confirmed by examination of pathologic reports.
Definition of variables
Data pertaining to the status of proximal margin were collected from pathology reports. In this study, the involvement of proximal resection margin was defined as the presence of tumor cells at the resection line on final histologic examination in spite of a negative result on the intraoperative frozensec tion examination. Because the frozen-section test has the possibility of false negative [10] [11] [12] , the results of intraoperative frozen-section test were excluded from the study. The lengths of proximal margin were measured after fixation of 10% formalin solution over 12 hours. When a stapler device was used in reconstruction, the tissue in the stapler doughnut and the stapled tissue were not included in the measurement of proximal margin length.
The location of tumor, depth of tumor invasion, histologic type, and lymph node metastasis are already well known as pro gnostic factors on overall survival. Of these factors, the location, depth, and histologic type could be assessed prior to surgery by preoperative studies such as CT scan, endoscopic ultrasonography, and endoscopic biopsy. Therefore, the analyses for the impact of proximal margin length on overall survival were performed depending on these variables.
In this study, the type of surgery for total or subtotal gastrectomy is used to represent the location of tumor. The policy at our institution is to obtain a proximal margin length more than 2 cm in early gastric cancer, and more than 5 cm in advanced gastric cancer. The extent of gastric resection was decided by the intraoperative measurement of proximal margin length. Therefore, a total gastrectomy was performed in patients with insufficient proximal resection margin length.
Histological types were classified as differentiated carcinoma (papillay carcinoma, well differentiated tubular adenocarcinoma, and moderate tubular adenocarcinoma) and undifferentiated adenocarcinoma (poorly differentiated tubular adenocarcinoma, signet ring cell carcinoma, and mucinous adenocarcinoma), based on the 14th Japanese Classification of Gastric Carcinomas [13] .
Based on pathologic T staging (American Joint Committee on Cancer/International Union for Cancer Control staging 6th edition), all patients were divided into four groups (T1, T2, T3, and T4 group).
Statistical analysis
Statistical analysis was performed using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). All values are expressed as mean ± standard deviation or medians and interquartile ranges for continuous factors and frequencies for categorical factors. Univariate analysis was performed using chi-square and Fisher exact probability tests for categorical variables. Student t-test was used for continuous factors. Patients with a proximal margin of ≤1 cm were compared with those with a proximal margin >1 cm for extent of gastrectomy, and tumor characteristics. The impacts of a proximal margin ≤2 cm vs. >2 cm, ≤ 3 cm vs. >3 cm, ≤2 cm vs. >5 cm, and ≤5 cm vs. >5 cm were also assessed in the same method. The 5-year survival rate and overall survival were compared between groups using Kaplan-Meier analysis and log-rank tests. In univariate analysis for overall survival, variables with the significance statistically were reanalyzed to adjust for confounding factors. Multivariate analysis was performed to identify risk factors associated with overall survival. The Cox proportional hazards model was employed for multivariate regression analysis. Hazard ratios with 95% confidence intervals were estimated for each variable in the multivariate analysis. A P-value less than 0.05 was considered statistically significant. Values are presented as number (%) unless otherwise indicated. SD, standard deviation; WD, well differentiated adenocarcinoma; MD, moderately differentiated adenocarcinoma; PAP, papillary adenocarcinoma; UD, undifferentiated adenocarcinoma; PD, poorly differentiated adenocarcinoma; SRC, signet ring cell adenocarcinoma; MUC, mucinous adenocarcinoma.
RESULTS
Eighteen hundred eighty-eight patients were included in this study. Seventeen patients had the involvement of proximal margin after surgery by pathologic report. Their 5-year survival rate was 5.9%. Although there were significant differences in the extent of lymph node dissection, distribution of pathologic T and N staging, and histologic type between patients with positive margin and negative margin, their survival rate was very low compared to the result of patients with negative proximal margin. In patient with negative proximal margin, twelve hundred thirty-two patients (65.8%) were male. A mean age was 56.8 ± 11.8 years at surgery. Four hundred twentynine patients (22.9%) underwent total gastrectomy and most patients (98.4%) underwent D2 or more lymph node dissections. According to variables, there were some significant differences between each group (proximal margin length ≤1 cm vs. >1 cm, ≤2 cm vs. >2 cm, and ≤3 cm vs. >3 cm) ( Table 1) .
According to the type of surgery, there was significant difference of 5-year survival rate between proximal margin length ≤3 cm group and >3 cm group in patients who underwent subtotal gastrectomy (≤3 cm group vs. >3 cm group; 86.3% vs. 78.5%; P = 0.011). In subtotal gastrectomy patients, there was also significant difference in distribution of pathologic T staging (≤2 cm group vs. >2 cm group, P = 0.006) ( Table 2) .
According to the pathologic T staging, our statistical analyses did not reveal a significant difference in 5-year survival rate. According to the histologic type, there was significant difference between proximal margin length ≤2 cm and >2 cm in patients with undifferentiated adenocarcinoma (≤2 cm group vs. >2 cm group; 66.5% vs. 72.9%; P = 0.022). (Tables 3, 4) In patients who having poor prognostic factors, multivariate Cox proportional hazard analysis for pathologic T and N staging and these prognostic factors was performed. As a result, the 5-year survival rate was not affected by the discrepancy of proximal margin length (with 2 cm in undifferentiated adenocarcinoma, and 3 cm in subtotal gastrectomy) ( Table 5) .
In subsets of patients who having same pathologic T staging, there was no significant difference of 5-year survival rate in proximal margin length ≤2 cm and >5 cm, and ≤5 cm and >5 cm (Table 6) .
After 88.0 months' median follow-up (1−235), local recurrence occurred in 16 patients (0.9%). Local recurrence analysis by Kaplan-Meier test didn't show the significant difference in patients with different proximal margin length (Table 7) .
DISCUSSION
The TNM staging system is most important prognostic factor for predicting overall survival in gastric cancer patients. With this system, the degree of differentiation of tumor cells, tumor size, tumor location, and presence of lymphovascular invasion are known as independent prognostic factors [14] [15] [16] [17] [18] [19] [20] [21] .
Recently, many studies have been carried out to explore the impact of prognostic factors on overall survival. Especially in patients with the involvement of proximal margin, many reports suggested different philosophies, consequences, and needs for reoperation [22] [23] [24] [25] . Also, in the cardiac or middlethird gastric cancer patients, there is a great chasm between the need for total gastrectomy and for subtotal gastrectomy [26, 27] . Some surgeons recommended that total gastrectomy is standard treatment to decrease local recurrence rate in the cardiac cancer or middle-third of the stomach cancer because of Min Gyu Kim, et al: Oncologic outcomes of proximal margin length in gastric cancer Values are presented as number (%) unless otherwise indicated. OP, operation; TG, total gastrectomy; STG, subtotal gastrectomy; WD, well differentiated adenocarcinoma; PD, poorly differentiated adenocarcinoma.
the short proximal resection margin length.
Before we begin our study, we could not find satisfactory evidences regarding safe proximal margin length from Web search and PubMed. Conventionally, a 2-to 3-cm proximal resection margin is regarded as the safety proximal margin length for early gastric cancer and a 5-to 6-cm is safe for advanced gastric cancer. Several investigators reported various lengths of safety proximal margin [28, 29] . According to the Values are presented as number (%) unless otherwise indicated. WD, well differentiated adenocarcinoma; MD, moderately differentiated adenocarcinoma; PAP, papillary adenocarcinoma; PD, poorly differentiated adenocarcinoma; SRC, signet ring cell adenocarcinoma. Japanese gastric cancer guidelines 2010, a gross resection margin of 2 cm should be done in T1 gastric cancer. More than 3 cm of proximal margin length is recommended in advanced gastric cancer with expansive growth pattern, and more than 5 cm is recommended in infiltrative advanced gastric cancer [30] . In practical, all surgeons try very hard to achieve the recommended proximal margin length from tumor due to intramural infiltration spreading in the proximal direction. However, it is often very difficult to secure a recommended proximal margin length depending on the situation such as patient's general condition, and the advancement of cancer stage. Also, there are times when we have no way to demarcate the tumor boundary on intraoperative findings through the use of palpation and inspection techniques. Besides, the distinction in proximal margin length between intraoperative findings and pathologic findings can occur depending on the tumor characteristics and the process of formalin fixation. Even, the prevalence rates of positive margin were reported from 0.8% to 2.0% in patients who underwent gastrectomy with curative intent [4, [22] [23] [24] [25] . Therefore, our study was planned to explore the impact of the Min Gyu Kim, et al: Oncologic outcomes of proximal margin length in gastric cancer involvement and length of proximal margin on overall survival. Although there were significant differences in the ratio of total gastrectomy, distribution of tumor depth, nodal staging, and tumor cell differentiation between proximal margin positive group and negative group, the 5-year survival rate (5.9%) of positive proximal margin group was very low compared to the rate (75.0%) of negative proximal margin group (Table 1) . This result supports curative resection margin should be done. But in practice, we often have trouble securing proximal resection margin in total gastrectomy case. In our study, we can identify that there were more patients with positive resection margin in total gastrectomy. In our institution, we have a policy to perform a reoperation in patients with positive resection margin. Although positive proximal margin was confirmed by pathologic report, we did not additional reoperation in patients who refuse reoperation because of their general condition and far advanced stage. In patients with negative proximal margin, univariate analysis showed a significant difference of overall survival rate in subtotal gastrectomy group (proximal margin length ≤3 cm vs. >3 cm; 86.3% vs. 78.5%; P = 0.011). And, there was significant difference in patients with undifferentiated adenocarcinoma group (proximal margin length ≤2 cm vs. > 2 cm; 66.5% vs. 72.9%; P = 0.022) ( Tables 2, 4 ). However, a multivariate analysis of these prognostic factors and others (depth of tumor invasion, and nodal staging) didn't show statistical significance (Table 5) . Therefore, the discrepancies of proximal margin length have little to predict overall survival compared to those of depth of tumor invasion, and lymph node metastasis. Also, Table 6 showed that an extension of proximal margin length doesn't help the improvement of overall survival. Based on these results, reoperation to achieve an additional proximal margin length offers nothing to improve overall survival.
And, it is considered that the proximal margin length is related to local recurrence in gastric cancer patients. Our study showed that the discrepancies of proximal margin length do not affect the local recurrence rate in gastric cancer patients with negative proximal margin ( Table 7) . We speculate that the discrepancies of proximal margin length have little effect on local recurrence rate in patients with gastric cancer. In other words, the impact of proximal margin length on oncologic outcomes is relatively lower than other factors such as depth of tumor invasion and lymph node metastasis.
In this study, we are not arguing that clear resection margin is enough for surgical treatment of gastric cancer, regardless of the proximal margin length. Also, we feel the need to explore the safety of proximal margin length 1 cm in T4 gastric cancer, and the impact of subcentimeter on prognosis, because of a small number of patients. We also expect that future studies through large volume can lead to the resolution of these problems.
In conclusion, surgeons should try to secure the negative proximal margin in the surgical treatment because of a poor prognosis of positive proximal margin and a philosophy of the possibility of residual cancer cells. Based on our analyses for the impact of the proximal margin length on overall survival and local recurrence, it is clear that reoperation to achieve an additional proximal margin length does nothing to improve oncologic outcomes.
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was reported. Table 7 . Kaplan-Meier estimates of local recurrence by proximal margin length in the same staging group Variable Proximal resection margin ≤1 cm >1 cm P-value* ≤2 cm >2 cm P-value* ≤3 cm >3 cm P-value* ≤5 cm >5 cm P-value* Values are presented as number of events (%). *Log-rank test.
Stage
